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LIGHT-EMITTING MEDIUM AND ILLUMINATION SYSTEM 



INTRODUCTION 

The present invention relates to a light-emitting form which includes a container and a 
light-transmitting medium as a core. In accordance with an important aspect of the invention, the 
light-transmitting medium has a relatively lower refractive index than the container. The light- 
Jraosmittioaiomi.rcay_be.cp and when illuminated have a 

uniform glow and an aura. The container may be of any material that is translucent or 
transparent and may be of any color. The container material is preferably a polyester. 

The raw materials for the light form in accordance with the present invention are less 
costly than known light forms and offer numerous advantages when compared to other 
Illumination light forms such as light guides, optical fibers and the like. Viscous materials in the 
form of liquids, oligomers, polymers and copolymers advantageously are a major class of raw 
materials for the core of the present invention. The core polymers in the range of low molecular 
weight, water-soluble polymer solutions to highly crosslinked polymers advantageously are a 
major class of raw materials for the core of the present invention. The container material may be 
formed from typically available polymers, such as polycarbonates, polymethacrylates, 
polyacrylates or polyadipates, silicone polymers and may be formed by commonly known processes, 
such as extrusion, blow-molding and injection molding. 

In one embodiment of the invention, a light-emitting form in accordance with the present 
invention is combined with at least one light-emitting diode (LED), a power source and a 
switching device to form a self-contained illumination device. 

One aspect of the invention provides a light-emitting form comprising, 
a light-transmitting medium of a lower refractive index, contained within a container of higher 
refractive index, whereby the light form, when illuminated, glows uniformly and has (or exhibits) 
an aura. The container may desirably be in a cylindrical form. It may desirably have a linear 
form. It may desirably be of polyester material. The polyester material may be free of halogen 
atoms, or it may contain halogen atoms. Alternatively it may be a silicone. 
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UGHT-EMITTINO MEDIUM AND ILLUMINATION SYSTEM 



gACKCgBSyMB op ffli IMVENT|0N 

1 Field of thajp^mig p , _ _ . 

[0001] The present Invention broadly relates to a light emitting form for transmrttmg and 
emitting light at one or more wavelengths. The light emitting form is comprised of a translucent 
or transparent container of a relatively higher refractive Index and a UghMmnamltHng core of 
relatively tower refractive index, whereby the light form, whan illuminated, glows uniformly and 
has an aura for use in side lighting (side glowing) applications, more specifically, functional 
lighting applications and/or decorative lighting applications. More specifically, the light emitting 
form can be tubular (cylindrical) simulating a linear fight guide. The container material, for 
example, may be a polymer and, more specifically, the polymer may be polyester. The polymer 
molecular structure may be free of fluorine moieties. Furthermore the present Invention relates 
to manufacturing processes for a linear fight form that reduces the cost of manufacture and 
increases the throughput glow and aura of the fight form. 
? Descriptio n of the Prior Art 

[0002} Various lighting systems are known using fight emitting diodes (LEDs). LEDs 
have been the center of focus because of aesthetic design flexibility, color changing, long life, 
small physical dimensions and other attributes that together advantageously serve the intended 
markets LEDs as a source of light offer many advantages; moreover, their usefulness b 
enhanced by the use of optical elements, such as fight guides, lenses, refractors, reflectors to 
disperse, reflect and refract light As such, LEDs have been combined with various fight 
conduits! such as so called -optical fibers", "fiber optics", "light pipes" and "light guides", 
collectively categorized as light guides. These lighting systems find use in markets, such as 
sign, displays, architectural and transportation. 

P003J ught guides are normally made out of polymers, glass, metals or liquids. In 
particular, light guides, such as the ones disclosed in U.S. Patent Nos. 5.052,778; 4,957.347; 
6 278,827; 5,406,841; 5.485.541; 5,898.810 and 6,535.667 and oth is. and her in incorporated 
by reference, are formed from an outer sheath or cladding and a polymer core. Invariably, a 
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powmerofarelativelyhigherrefractiveind xisusedforth W and a relatively tower 
refractive Index polymer!* used for the 'dadding". Additionally, In general, the cladding 
polymers' molecular structures have fluorine moieties. 

mm Anotherclassoflightguides.forexample, as disclosed in U.S. PatentNos. 
4 261 936 and 5,111.526. and herein incorporated by reference, and having substanbaJly 
smaller diameters compared to the above light guides, comprises of thermoplastic po.ymer core 
with a relatively higher refractive Index than the cladding polymer. The dadding polymer's 
molecular structure has fluorine moieties. 

POST TW-W1W«W**** in-the -^e-c^o^US^tert No. 6,488,397. a nd 
herein incorporated by reference, discloses a light guide with a strip of reflective material placed 
at the coredad interface to disperse light. The core polymer has a relatively higher refractive 
index than the dadding. The cladding's molecular structure, however, does not contain any 
fluorine moieties. In such a light guide, the light dispersion is directional, and no aura is evtfent. 
[0006] In yet another class of fight guides, liquid light guides are disclosed. These light 
guides are normally formed from a thermoplastic dadding and a liquid core. Such liquid light 
guides fall in two main categories. The first category, mainly used in the medical industry, and 
intended to transmit light from one point {input or proximal end) to the end point (output or d.stal 
end), for example, as disclosed in U.S. Patent Nos. 5.452.395. 6.418.257 and 6,507,688, and 
herein incorporated by reference . The manufacturing processes for the production of this dass 
of light guides is rather specialized and cost prohibitive for many applications. Normally, a very 
concentrated salt solution with a higher refractive index forms the liquid core, which is contained 
in polymer of tower refradive index In the second category, for example, as disdosed in U.S. 
Patent Nos. 5.799,124 and 5,896,483. and herein incorporated by reference, illuminating 
systems for decorative applications are presented. In the latter category, the dadding still has a 
lower retractive index. 

[0007] In general, the above light guides have been designed to create an effect, for 
example, to create a "neon effect". Neon, a commonly known lighting medium, glows from the 
sides when activated and commonly has a pronounced aura. This effect Is known as neon 
effect The light guides disclosed in the U.S. Patent Nos. 5,052,778, 4,957,347, 6,278,827, 
5,406.641 and 5.485,541. 5.799.124. 5.898,810 and 6,535,667 in part, and herein Incorporated 
by reference, disclose such light guides. 

[0008] To more closely resemble the glow and aura of neon, using light guides, rather 
inventive steps have been attempted. US Patent No. 5.067.831 , and herein incorporated by 
referenceC831). describes the general concept of th side scatt ring light guides. '831 discloses 
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a polynwreore having a higher refradi. Index encaed within a transparent fluoropolymer 
dadding having a tower refracdve Ind «. «1 retoa onihe t^oHWe* mthectaddtng 
through a jacketing t achieve the intend dgoal. 

US Patent No.2002013127SA1, and herein incorporated by reference ('275), 
uses an "Blurninating device that includes a light-guiding member formed of a translucent 
materia* having "a light-emitting region along the length of the lighting member: and a 
plurality of grooves having a rectangular cross-section and formed in the drcumferential surface 
of thengM-guidlng member at appropriate intervals in the axial direction/ '275 does not disclose 

the use of any cladding. " 

U.S. Patent No. 4,733,332, and herein incorporated by reference, discloses the 
use of "optical facets or fine powder" on one side of the core. The fine powder having a 
refractive index higher than the core, and the core yet having a relatively higher refractive index 
than the cladding. U.S. Patent Nos. 5,982,969 and 6.169.836. In a similar fashion, allude to the 
use of fine parses in a higher refractive index core and lower refractive dadding to disperse 
light in a predetermined manner to emulate a linear light form. 

U.S. Patent No. 6,488.397, and herein incorporated by reference ('397), 
discloses a method to disperse light by "at least one strip-shaped reflecting layer formed by 
printing on the side surface of the light transmission" core "having a high reflective index". 397 
does not disclose the refractive index of "protective sheathing." Similarly. U.S. Patent No. 
6.550,952. and herein incorporated by reference, discloses a method to disperse light from a 
"light pipe", which has a higher refractive index core and a lower refractive index cladding by 

inventive steps as disclosed therein. 

Japanese Patent JP08-O94862 A, and herein incorporated by reference, 
discloses a transparent core encased within a fluoro-rubber cladding. The "fluoro-rubber 
ciadding contains particles such as activated carbon, silica, silica gel, alumina or molecular 
sieves, zeolite-based absorbent, ion exchange resin, magnesium oxide, calcium carbonate or 
silver sulfate to trap halogen compounds." By trapping halogen compounds the aforementioned 
particles stabilize the dadding against a decrease in transmission due to halogen compounds. 
However the concentration of the aforementioned partides is higher than the optimum level of 
effective light enhancement and the partides therefore contribute to opacity. 

US Patent No. 4,422.71 9, and herein incorporated by reference (*719). disdoses 
a transparent semi-solid core which is encased within a tubular dadding. 719 disdoses the 
following ways of providing side scattering capabilities: "Scoring the surface of the cylindrical 
core with angular cuts or discontinuities." This is an expensive and inconsistent m thod. 

4 
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• introducing bubbles or foreign materials into the cylindrical core material while the cylindrical 
core is still molten. " The molten state is not well defined, and like similar art, th bubbles and 
foreign materials contribute to norvunif rm and excessive absorpti n of light. -Introducing 
powder into the tubular dadding material. For example, titanium dioxide (T102) is present in the 
cladding material at levels in the order of 2-1 0%.' Similar to the previous way, foreign materials 
contribute to excessive absorption of light and actually block the transmission of light from the 
transparent cladding. "Forming the tubular cladding from a material which has an index of 
refraction exceeding that of the cylindrical core/ This method is not well defined and the 
prefen^ddadln^^ 

cladding and typically has a very yellow appearance. Ambiguity of 719, in the latter method, 
does not provide for an advantageous method to achieve the objectives as disclosed. United 
States Patent No. 6,081.878. and herein incorporated by reference ('878), limits the 
concentration of additives which are added to the tubular cladding to increase the effectiveness 
with which light is transmitted drcumferentially out of a cylindrical light guide. While '878 
addresses some of the deficiencies of 719, the light guides of '878 suffer from a lack of 
efficiency due to the large angles at which light is scattered by the aforementioned additive. The 
light guides of '878 along with 719 also require additional manufacturing steps for their 
formation. For example, one of the methods of 719 requires the formation of angular cuts or 
discontinuities and the light guides of '878 require the introduction of additives into the tubular 
cladding. 

US Patent No. 5,937,127, and herein incorporated by reference ('127), in general 
discloses a linear light form, or more specifically a light conduit whereby the overall illuminated 
diameter of the conduit is maximized while the overall illuminated diameter of light transmitting 
component is minimized. The advantage disclosed is to "exhibits a larger illuminated diameter 
using ma aura effect*, utilizing "conventional thermoset cores and cladding having optimized 
cross-sectional diameters" to ensure energy efficiency and reduce the cost of 
production. '127achieves this objective by utilizing and applying multiple layers of jacket 
materials onto "the outer periphery of fiber optic core and cladding, to expand the perceived size 
of the fiber optic core and cladding." '1 27 further disclosed advantages such as to provide: "a 
conduit that, when bent, does not exhibit a hot spot; a conduit illuminated generally uniformly 
across it length; a conduit exhibiting a higher uniformity and a larger appearance in outside 
diameter; and most importantly a conduit with a perceived "aura".'127's manufacturing process, 
nonetheless, uses combination of materials, uses "muffiple teyare...ef p lymeric jackets" and 
has num rous steps as disclosed therein, making th light conduit very expensive. 4 1 27, 
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nonetheless, claims to have an aura, a very desirable effect. "Aura" is defined as luminous 
radiation. The "aura effect" is where luminous radiation appears outside of the core and 
cladding, and is visible in the space surrounding the tin ar light form. '127 furth r points to "bend 
radius", and hot spots, disclosing it as follows: "Linear light forms, when bent past a certain 
degree known as permissible "bend radius", appear to have a "hot spot\ A hot spot is defined 
as the area of the optic that appears to be brighter than the rest of the optic. The hot spots can 
detract from lighting applications wherein the uniformity of the light of the light is desirable. It is 
thus desirable to reduce the hot spot effect 

US Patent Nos. 5,987,199 and 6,289,150, and herein incorporated by reference 
('199 and '150), yet disclose one more elaborate method to create light forms with sufficient 
light to illuminate an area surrounding the linear light form. The light forms according to '199 
and '150, nonetheless are very directional and to very short distances. In summary, the light 
forms disclosed are a variation of thermoset of relatively higher refractive index and a lower 
refractive index cladding, manipulated and placed in a channel to reflect the light The 
combination of the cuts and the reflection of light off the channel hinder the efficiency of the light 
form. 

Invariably in almost all of light forms such as fiber optics, light guides, light pipes 
and light conduits or similar modalities - which, for the purposes of this invention would be 
considered as light forms - are mainly composed of a core and a cladding. The core is the light 
transmitting medium and the cladding is the immediate layer in contact with the light- 
transmitting medium that in combination provide total internal reflection useful in light forms. 
Further, the core has a higher refractive index and the cladding has a lower refractive index In 
most of the light forms the cladding molecular structure contains fluorine atoms. Fluorinated or 
fluorine based molecular structures inherently provide a relatively lower refractive index. 
Fluorinated polymers with backbones other than carbon, such as silicone have also been used. 
Flourinated and fluorine containing polymers are customarily expensive and hard to process. 

The light forms discussed above in combination with different light sources such 
as halogen, xenon, halogen, high intensity discharge lamps or LEDs have been used to create 
illumination systems to solve the problems associated with traditional neon light systems. 
However, the light guides discussed above, due to the relatively high cost of raw materials and 
their corresponding manufacturing processes, are relatively expensive and limited in their 
applications. There is a need for light forms, which csr. be formed from relatively less expensive 
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raw materials and less costly processes, and can be used in a wider rang of applications than 
known light guid s. 

It is therefor desirable to provid an alternative side glowing light form with 
substantial aura to those disclosed in the above-referenced patents. It is also desirable to 
provide an effective method of manufacturing such an alternative side glowing light from. 

The applications of the light forms and systems disclosed are primarily in 
signage, displays, architectural, transportation among numerous others. 
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SUMMARY OF THE INVENTION 

[SOTI] The present invention relates to light emitting forms comprising of a light 
transmitting medium (core) of lower refractive index encased in a container (cladding) of a 
higher refractive index, whereby the light form, when illuminated, glows uniformly and has an 
aura. 

[SOX2]. In-acOTrdance-with.anJm 

invention, when illuminated, glows uniformly and has an aura. Aura being the luminous radiation 
which appears outside and visible in the space surrounding the light form and being substantial 
to illuminate an object substantially away from the light form. 

[SOT3] In accordance with an important aspect of the invention, the light-transmitting 
core is a liquid, oligomer (tetomer), prepolymer or prepolymer precursor, polymer and / or 
combination thereof, or mixtures of oligomers and / or polymers in a solution. 
[SOT4] In accordance with an important aspect of the invention, the liquids core is 
advantageously selected from oils, salt solutions, water-soluble polymers, water solution of 
water-soluble polymers, solution of water-soluble polymers, organic compounds of lower 
molecular weight, solution of oligomers, prepolymers and polymers among other liquids. 
[SOTS] In accordance with an important aspect of the invention, the oligomer core is 
advantageously selected from oily oligomers, oligomers of water-soluble polymers and 
copolymers, oligomers of esters, carbonates, acetals, amides, acrylamides, vinyl ehters, vinyl 
acetates, vinyl esters, acrylic acids, acrylates, methacrylates, allyl esters, styrenes, adipates 
and silicones. 

[SOT6] In accordance with an important aspect of the invention, the prepolymer or 
precursor of the core is advantageously selected from prepolymer of water-soluble polymers 
and or copolymers, prepolymer or pre-copolymer of esters, carbonates, acetals, vinyl ehters, 
vinyl acetates, vinyl esters, acrylic acids, acrylates, methacrylates, allyl esters, styrenes, 
adipates and silicones. Additionally the prepolymer as a precursor may be converted to a 
thermoplastic or thermoset polymer in situ. 

[SOT7]ln accordance with an important aspect of the invention, the polymeric or copolymer core 
is advantageously selected from thermoplastic or thermoset classes. The thermoplastic class is 
selected from the esters, carbenat s, acetals, amides, aCTylamides, viny! eht rs. vinyl acetates, 
vinyl esters, acrylic acids, acrylates, methacrylates, allyl esters, styrenes, urethan s and 

r 
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silicones. The thermoset is selected from the dass of esters, carbonat s t acetals, amides, 
acrylamides, vinyl ehters, vinyl acetates, vinyl esters, acrylic acids, acrylstes, methacrylates, 
allyl esters, styrenes, adipates and silicones. 

[SOTS] In accordance with an important aspect of the invention, the core medium is 
purified by filtration, distillation, use of molecular sieves, use of centrifuge force, crystallization 
and or combinations of. 

[SOT9] In accordance with an important aspect of the invention, the liquids, oligomers, 
prepolymers, polymers and copolymer of the core or / and in combination with other precursors 
Is advantaqeouslv- poured, pum ped or vacuumed into the claddin g: and t here is no limitation as 
to the temperature, pressure or combination thereof, used at the time of processing. 
[SOT1 0] In accordance with an important aspect of the invention, the precursor of the 
thermoplastic polymer or copolymer core is made prior to placement into the container. The 
precursor, in accordance with an important aspect of the invention, has a syrupy consistency 
and is capable of being further polymerized to a more completed polymerized state. The 
precursor is poured, pumped, vacuumed into the cladding and polymerized in situ. 
[SOT1 1] In accordance with an important aspect of the invention, the thermoset polymer 
core is made of cross-linking ingredients and placed into the container and cross-linked in situ. 
[SOT1 2] In accordance with an important aspect of the invention, the raw materials for the 
core, is less costly and easier to process in comparison to prior art. 
[SOT1 3] In accordance with an important aspect of the invention, the container is 
advantageously selected from a material that is translucent or transparent and, when 
illuminated, in combination with the appropriate core material, glows uniformly and has an aura. 
[SOT14] In accordance with an important aspect of the invention, the container is 
advantageously selected from a material that is translucent or transparent and, when 
illuminated, in combination with the appropriate core material, glows uniformly and has an aura 
Aura being the luminous radiation which appears outside and visible in the space surrounding 
the light form and being substantial to illuminate an object substantially away from the light form. 
[SOT1 5] In accordance with an important aspect of the invention, the container material 
may be formed from commercially available polymers and or copolymers, such as polyesters 
and may be free of halogens; or commercially available polymers and or copolymers silicones. 
[SOT1 6] In accordance with an important aspect of the invention, among the halogen-free 
polymer or copolymer are polycarbonates, polyacetals, polyamides, polyacrylamides, polyvinyl 
ethers, polyvinyl acetates, polyvinyl esters, polyacrylic acids, polyacrylates, polymethacrylates, 
polyallyl esters, polystyrenes, polyadipates and silicones. 

f 
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[SOU 6] In accordance with an important aspect of the invention, the cladding is a 
halogenated derivative of polycarbonates, polyacetals, polyamides, potyaciylamides, polyvinyl 
ehters, polyvinyl acetates, polyvinyl esters, polyacrylic acids, polyacrylates, polymethacrylates, 
polyallyl esters, polystyrenes, polyadipates and silicones. 

[SOU 6J In accordance with an important aspect of the invention, the silicon copolymers, 
blends and or derivatives are used for the cladding. 

[SOT17] In accordance with an important aspect of the invention, the container is formed 
by commonly known processes, such as casting, vacuum forming, extrusion, blow-molding and 

injection-molding. 

[SOU 8] In accordance with an important aspect of the invention, the container is formed 
into long cylindrical tubes with a uniform cross section, providing a form such as light guides, 
optical fibers and fiber optics. 

[SOT19] In accordance with an important aspect of the invention, the tubular container 
has cross sections other than round. 

[SOT1 9] In accordance with an important aspect of the invention, the tubular container 
has an asymmetric cross section. 

[SOT1 9] In accordance with an important aspect of the invention, the container is soft or 
rigid and orformable. 

[SOT20] In accordance with an important aspect of the invention, the fight emitting 
medium is combined with at least one light emitting diode (LED), a power source and a 
switching and / or controlling device (light emitting element) to form a self contained illumination 
device. 

[SOT21] In accordance with an important aspect of the invention, the light emitting 
element Is immersed in the core material. 

[SOT21J In accordance with an important aspect of the invention, the light emitting 
element is attached to the core material. 
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DETAILED DESCRIPTION 

The present invention relates to a light emitting forms and illumination systems. 
The light emitting form includes a container, which acts as an outer cladding and a core material 
whereby the core has a lower refractive index and the cladding has a higher refractive Index; 
additionally, the light form, in combination with a light emitting element like a light emitting diode, 
glows uniformly and has an aura. 

Uniform glow for the purposes of this invention relates to light forms that have a 
anifcrm glow-from-one-end ^ linear length. The 

length may be less than 0.5 meter to over 10 meters. And, aura relates to light emanating from 
the light form to actually illuminate an object in proximity of the light form. For the purposes of 
this invention, the emanating light is adequate enough to make an object visible at least at a 
distance five times the diameter of the light form. For instance, an object placed 5 cm away in 
any direction from a 1 cm diameter light form should be readily illuminated and visible. In 
another way of explanation, at least 10% and preferably 50% of the light intensity at the surface 
of the light form is measurable at a distance five times the diameter. 

Prior light forms did not offer such an advantage, hence the need for the 
invention disclosed in U.S. Patent Nos. 5,937,127; 5,987,199 and 6,289,150, notwithstanding 
that the invention required a very powerful, power inefficient light source such as a halogen or 
high intensity discharge lamp. 

For example, in one of the embodiments according to present invention, the core 
may be formed from liquid materials such as dimethyl cyclic siloxane. a •silicone oil*, with a 
refractive index of 1.395-1.397 and a cladding made from a polyadipate such as an ether-based 
polyurethane with a refractive index of 1.5-1.8. The cost of the core raw materials associated 
with such a combination is significantly less than known light guides. Further, the use of a 
silicone based material substantially reduces the flammability of the fight form. 

Another advantage of the present invention is additionally realized in thr cost of 
materials and cost of production. Known light guides, as disclosed in U.S. Patent Nos. 
4,261,936, 5,111,526, 5,052,778. 4,957,347, 5,406,641 and 5,485,541 , function similarly, 
although not as efficiently, compared to the light emitting form in accordance with the present 
invention; however, the cost of raw materials is much higher. Additionally, the cost of 
manufacturing is much higher due to the capital costs and labor associated with the process. 
Tbesdvsntag s of the present invention is particularly m r pronounced for light emitting 
mediums with high volumes, such as a container with a diameter of 50 mm and larger. 
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CORE MATERIALS. PROCESSES AND METHODS 

As an important aspect of the invention the core of the light emitting m dium is a 
liquid, oligomer (telomer), prepolymer, polymer, copolymer and / or combination thereof, or 
mixtures of oligomers and / or polymers in a solution. 

Various liquids are contemplated for use as the core with the present invention. 
Exemplary liquids selected from oils such as, mineral oils, fluorinated oils, silicone oils; or liquids 
in the form of salt solutions, such as aqueous solution of inorganic salts (I.e. sodium chloride, 
potassium sulfate... ), aqueous solution of organic salts (i.e. potassium esters...) proved suitable 
for-the-present-invention, 

Another advantage of the core materials of the present invention is realized by 
the aqueous mixture ingredient possibilities, which can render the light system more user 
friendly, environment friendly, inflammable, partially biodegradable among other positive 
attributes. 

Another class of liquids suitable for the present invention is the class of water- 
soluble polymers such as polyglycols. Polyglycol P42S supplied by Dow Chemicals. Midland, 
Michigan, purified in neat form, resulted in satisfactory result. Water solutions of the same 
compound, in ratios of less than 1% to 99.9%, also proved suitable. Polyglycol P425 reportedly 
has a refractive index of 1,447 was combined as core with a polyadipate tubing with a refractive 
index of 1 .5-1 .6 to create a suitable light form according to the present invention. 

Any derivatives, forms, combinations of the water-soluble polymers including, 
water-soluble salts, anionic, cationic, nonionic, cross-finked (hydrogels) and non-cross-linked, 
modified and unmodified species combined and derived from monomers, pre-polymers, 
polymers, co-polymers may be used according to this invention. 

Conversely, lower molecular weight organic compounds such as ethylene glycol, 
propylene glycol, benzene, methanol, ethanol, which all have a lower refractive index compared 
to polyadipate, the cladding material, proved suitable. 

Solution of oligomers of propylene glycol in propylene glycol, oligomers of methyl 
methacryiate in methyl methacrylate, oligomers of styrene in methyl methacrylate also proved 
suitable in practicing the present invention, when using potyadipates with a relatively higher 
refractive index as cladding. 

Liquid prepolymers or syrupy polymers of materials such as methyl 
methacrylates, 2-ethylhexyl methacrylates, styrene, 2-ethylhexyl acrylate proved suitable for the 
present invention. Similarly, liquid solutions of poly(2-ethylhexyle methacrylate) in methyl 
methacrylate, in b nzen , in m thyl ethyl ketone and in pentene, by th way example, also 



Oct-14-2003 10:23am Fron- 



T-617 P. 003/005 F-751 



proved suitable. By purifying and de-airing the core medium (e.g. removing any air or other 
gaseous matt re from the core medium under low pressure prior to placing the core medium in 
the cladding), satisfactory light forms were prepared in accordance with the pres nt invention. 
Contrarily, according to U.S. Patent Nos. 4,261,936, 5,111,526, 5,052,778, 4,957,347, 
5,406,641 and 5,485,541, there is a high chance that bubbles can form or the polymer mass 
degrade because of highly exothermic polymerization reaction temperatures. Problems also 
ensue due to excessive shrinkage upon polymerization. Other polymerization methods such as 
emulsion and solution will result in non-transparent masses, which is not conducive to the 
objeGtiYesotthe.present.invention. 

US Patent Nos. 4,108,923; 4,077,755; 3,966,693; and 3,907,727 among others 
disclose methods as how a syrupy mixture of polymer or copolymer may be prepared. 

When polymeric cores better suited an application, prepolymers proved useful as 
precursors for the production of such polymeric cores. In one instance, a prepolymer of 2- 
ethylhexly mathacrylate was prepared and injected into a suitable dadding (i.e. polyadipate 
cladding), and further cured at a higher temperature in a water bath. The resulting light form was 
satisfactory. Use of prepolymers as a precursor is highly desirable for many reasons including, 
but not limited to, low shrinkage upon further polymerization and ease of placement into the 
cladding. 

Other desirable core polymers are: 
Poly alcohols Polyols 
Polyethylene glycols Polypropylene adipate 

Polydimethylsiloxane Polypropylene glycol 

Polyester plasticfzers Polysilane 
Polyglycol distearates Polysiloxane 
Polyhydric alcohols 

Unique properties of crosslinked polymers prove desirable at times, for both the 
core and dadding. For instance, among the more desirable properties are resistance to high 
temperature, being less infusible and less impermeable to moisture and undesirable gases. 
Crosslinked polymeric cores may be prepared utilizing prepolymers or monomer mixtures. In 
preparing a crosslinked cores, prepolymer of methyl methacrylate was combined with 0.1 to 1% 
by weight of diethylene dimethylmethacrylate prior to placement in a suitable dadding and cured 
at high£temperature ( to obtain satisfactory results. The cladding of polyadipate (Le. an ester 
based polyurethane) had a higher refractive index than the completely polymerized, crosslinked 
core. 
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It is contemplated that crosslinked daddings can be used to form light forms 
according to the present invention. Any of the core materials as disclosed above are 
contemplated to prove useful in forming light forms according to th present invention, provided 
that the core material has lower refractive index in comparison to crosslinked cladding. 

Another way to prepare desirable polymeric cores is to use monomers as a 
precursor. Some of the advantages are relatively lower monomer mixture viscosity, fewer 
processing steps and raw material cost. In one embodiment, highly purified 2-ethylhexyl 
methacrylate was combined wit h Trioonox A DC (e.g. peroxydicarbonate mixture) initiator, 
sup plied by Akzo Nobel of Dobbs Ferry . New York. , and in j ected into anester-based 
polyurethane tubing, the tubing was capped at one end, kept on a roll, under pressure, in a cold 
compartment to avoid premature initiation. The capped end of the tubing, while pressurized, 
was introduced into a hot water bath at a constant rate to initiate polymerization. A substantial 
length was polymerized in this manner; although, some of the tubing was wasted as the 
polymerizing monomer mixture shrank upon polymerization and was forced toward the capped 
end. In this manner, a progressive and continuous method of production was established. It is 
contemplated that by continually introducing monomer mixture into the tubing the problem of the 
waste would be alleviated. Nonetheless, the resulting composition was satisfactory. It is further 
contemplated that co-polymer or crosslinked polymer cores can be produced by selecting 
appropriate precursor monomer mixtures. 

In another method, for example, n-butyl methacrylate was fully polymerized using 
an appropriate amount of Trioonox A DC as the initiator, at high temperature, under pressure in 
a closed system. The polymer mass, while kept molten, was then put under negative pressure, 
for an extended time, to remove any unreaded initiator, monomer or other volatiles. The molten 
mass was then injected into a polyurethane tubing kept at a high temperature, in a hot oil bath, 
to facilitate the flow of the polymer. The combination of core / cladding was then removed from 
the bath and allowed to cool to room temperature. Effectively, a polymer mass as core material 
with a low refractive index is introduced into a cladding material with a higher refractive index. 

The light form was satisfactory for the purposes of this invention; although it is 
not clear if such a process is commercially cost effective. 

Hydrogels, for example, as disclosed in U.S. Patent Nos. 3,947,401; 4,450,262; 
4,540,743; 4,492,776; 4,640, 965; 4,694,037; and hereby incorporated by reference, offer 
another class of core materials. In general, the referenced patents disclose methods for cross- 
linking water-soluble monomers, pre-polymers and copolym rs and / or combinations thereof 
into hydrogels. The cross-linking may be done in-sltu with the appropriate crosslink rs. It is 

if 
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contemplat d that crosslinking may be undertak n by different m thods, for instance, heat may 
be used to initiate the reaction, or methods such as UV curing as disclosed in U.S. Patent Nos. 
5,010,141, 5,532,287 and 5,955,242. hereby incorporated by reference among other methods. 
It is also noted that UV-curable hydrophific pre-polymers and polymers and water-swelling 
polymers may also be used. For example, silicone-containing hydrogels, or derivatives thereof 
such as the ones disclosed in U.S. Patent Nos. 4,640,941, 5,010,141, 5,387,632, and hereby 
incorporated by reference, may be used as long as the refractive index of the resulting hydrogel 
is lower than the refractive index of the cladding. 

_ As wtivany other lig ht transmittin g media , the core materials of the present 
invention offer the optimum result when the material is free of physical defects such as bubbles 
or impurities that may cause adverse scattering, or impurities that would cause light absorption. 
The core / clad interface presents another important factor to be considered. For relatively 
longer light forms, the light scattering at the interface must be minimized; while, for shorter 
lengths where more dispersion of light may be desirable, the interface may be manipulated to 
achieve the desired effect. 

Additionally, the core compositions of the present invention conveniently allow 
inclusion of light dispersing agents such as glass or metal flakes, fluorescing, frequency shifters, 
micro-bubbles among others if desired. 

In order to enhance the dispersion of light, dispersing agents may be introduced 
either into the core material or into the cladding at various stages of production. In one 
exemplary embodiment of the present invention, 0.015 Hex / VM 2000 Glitter provided by 
Minnesota Mining and Manufacturing, St Paul, Minnesota was mixed in a transparent viscous 
liquid of polysiloxane and injected into a suitable tubing. A 100 cm light emitting device lit at 
each end by an LED supplied by Kingbright, Inc., Walnut, California exhibited a dazzling, yet 
uniform illumination. 

CLADDING MATERIALS. PROCESSES AND METHODS 

In many Known light forms such as light guides as disclosed in U.S. Patents 
5,052,778 and 4,957,347, cladding materials with a relatively lower refractive indices are used. 
For instance, fluoropolymers and silicones, which inherently have a lower refractive indices. 
These class of materials have a higher raw material cost and are costly to process. 
Fluoropolymers' relatively higher specific gravity, additionally, exacerbates the fluoropolymers' 
shortcomings. In order to overcome these shortcomings, the cladding wall thickness has been 
mad v ry thin and substrat s surrounding the fluoropojymer devised '831 . Such syst ms 
suffer in many areas. For instance, in the course of polym rization, the high shrinkage of the 

/s 
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polymerizing mass caus s th fluoropolymer cladding to collapse resulting in a non-uniform 
cross section. Further, th high shrinkag causes the core to separate from the fluoropolym r, 
leaving a gap as a result of de-lamination of th core from the cladding. The latter led to th us 
of heat shrink tubing, which, in turn, introduced more steps in the production of the light guides. 
The present invention obviates these shortcomings by using polymers such as polycarbonates, 
polyvinyl acetates, polyvinyl ethers, polymethacrylates, polyacrylates, polyadipates silicone 
polymers among other suitable materials that, although have a higher refractive index, are less 
costly, have lower specific gravity and relatively lower processing costs. These transparent, 
foroable_iTiateoals_ar]e_a^ 

In another aspect of the present invention, the cladding or container of the light 
form is not limited to a circular cross-section, which simplifies overall production. Claddings or 
containers are contemplated with circular as well as noncircular asymmetrical cross-sections, 
which in additional do not require complicated processing. In contradistinction, U.S. Patent Nos, 
5,052,778, 4,957,347, 4,261 ,936 and S, 1 1 1 ,526, require that the core cross section be 
essentially limited to circular. Known light guides with noncircular cross-sections, such as 
disclosed in U.S. Patent Nos. RE 36,157; 4,957,347 and 5,052,778 require a series of rather 
complicated and cumbersome processes for the production of Tight forms with other than round 
cross sections. The light forms of the present invention can easily be configured to have 
asymmetric and other than round cross sections. Moreover, the production steps are minimized 
resulting in substantial cost savings. It is contemplated that claddings, for example, with a round 
interior and a square, square interior and square exterior or asymmetric exterior can easily be 
extruded in one step using polycarbonates, polymethacrylates, polyacrylates or polyadipates 
resins. 

In accordance with an important aspect of the Invention, the suitable cladding 
material, including polycarbonates, polymethacrylates, polyacrylates or polyadipates among 
other resins is free of halogens such as chlorine, fluorine and bromine. It is within the scope of 
the present invention, nonetheless, to use halogenated resins such as polycarbonates, 
polymethacrylates, polyacrylates or polyadipates. Conversely silicone polymers, although, more 
costly than other the resins mentioned above, proved suitable. The silicone resins, similarly, 
may be free of halogens or halogenated. 

Known conventional processes such as casting, extrusion, vacuum forming, 
blow, slush, rotational and injection molding among other processes proved suitable in the 
production of th cladding of the pr sent invent! n. For instance, a poly/methyl m thacrylate) 
tubing with a round, symmetrical cross section, formed using a convention extrusion processing 
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proved suitable. Precautions were x rcised to assure that the poly (methyl m thacrylate) tubing 
wall was free of any foreign particles and or any degradation. As may be expected, a 
comparative tubing made by casting proved to show less absorption or scatt ring of light Und r 
proper conditions, cylindrical tubings containing the appropriate core materials, when illuminated 
provided light forms similar to light guides or optical fibers. 

Polyadipates with refractive indices of 1.5-1.6, relatively low cost, flexibility at low 
temperatures, resistance to ozone and oxygen with other desirable characteristics proved to be 
exceptionally suitable as cladding materials. However, polyadipates are hygroscopic and 
hydrophiiic and in.appIi^ojrsjArhereJheJig ht f orm.may^be.exposed.to.high nrioisture.or used 
underwater, the moisture reaching the core causes cloudiness hindering light transmission and 
emission. According to an aspect of the present invention, the use of a water-soluble liquids, 
oligomers or polymers alleviates this problem. As a result of the water-solubility of the core 
medium, water molecules reaching the core are readily absorbed by the core material without 
causing cloudiness. Among the suitable core materials compatible with polyadipates are 
hydrogels (i.e. poly(hydroxyethyl methacrylate)), polymers such as poly glycols with a molecular 
weight of 1004000 and higher and refractive indices In the range of 1.44-1 .46, water-soluable 
oligomers and liquids such as water-soluble silicone oils with refractive indices of 1.40-1.47. 
Light forms made using the combination as disclosed and placed at relatively very high humidity 
and underwater for long periods of time (over 60 days) did not exhibit any deterioration of light 
transmission and emission. The same qualities were observed at extreme temperatures (e.g. 
below -20° C above 60° C). 

Other desirable cladding resins and / or precursors for the production of desirable resins are: 

Polyalkylene terephthalates Polyethylene terephthalate 

Polyallyl diglycol carbonate Polyethylene-propylene adipate glycol 

Polyarylates Polyhydric alcohols 

Polyacryloxysilane Polyols 

Polybutylene adipate glycol Polypropylene adipate 

Polycarboranesiloxane Polypropylene glycol 

Polycyclohexylenedimethylene Polysllane 

terephthalate Polysiloxane 

Polydimethylsiloxane Polytetrahydrofuran 

Aromatic polyesters Polyvinyl acetate 

Saturated pclyest rs polyvinyl alcohol 

Unsaturated polyesters Polyvinyl butyral 
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The process for making the embodiments of the pr s nt invention can be fully 
automated and continuous. For example, the light transmitting core may continuously b 
inserted into tubing as the tubing is b ing form d thr ugh a conv ntional extrusion process. 
Downstream, the tubing containing the core material can be pinched off, cut and a fight source 
placed in and sealed. 

Conventional methods for placing and sealing can easily be used. Multiple 
layered tubing, or tubings with appropriate coatings can be used according to the present 
invention. However, the refractive index, transparency, degree of purity of the multiple -layered 
container qccoatii^ 

spirit of the invention. Conventional processes may be used for applying a coating or coatings, 
such as, spray coating, dipping, vacuum coating among others. UV curing coatings can 
potentially be used. The coating can be applied onto the container prior or after the core has 
been included. For multilayered containers, in order to eliminate any chance of foreign elements 
to permeate into the container, a multi-layered container including a barrier layer may be used. 
The barrier layer may actually be a tie-layer, or be the byer in contact with the light transmitting 
medium or be the outermost layer of the container 

EXAMPLES 

Example 1 - a 100 cm long, 6.5 mm inside diameter, 8.0 mm outside diameter of an ether-based 
polyurethane was filled with a very viscous, water dear, purified oil supplied by STE Oil 
Company of San Marcos, Texas. One Agilent LED (HLMT-PGOO), San Jose, California was 
inserted at each end of the tube, immersed in the oil and lit. The light emitting device glowed 
uniformly along its entire length and had an aura very similar to neon, although not as bright 
The polyurethane tubing's refractive index was reported at 1.54 and the oil's refractive index 
was lower. 

Example 2 - Example 1 was repeated with a longer length tubing (e.g. 200 cm). Ihe device, as 
expected, did not exhibit a uniform glow throughout the entire length of the device and was not 
as bright as Example 1. 

Example 3 - To overcome the shortcoming of Example 2, Example 2 was repeated except 
Omron red 2MDR01-85R1A LEDs, Schaumburg, Illinois, with higher intensity and a narrower 
viewing angle as compared to Agilent LED (HLMT-PGOO) were used. The light emitting device 
glowed uniformly along its entire length and had an aura v ry similar to neon, although not as 
bright, 
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Example 4 - Exampl 1 was repeated except that 3.0 mm inside diameter, 4.0 mm outside 
diameter tubing from the same suppli r was fitted with a Kingbright 3 mm W7104 SEC/H LEDs, 
Walnut, California The light emitting device glowed uniformly along its entire length and had an 
aura very similar to neon, although not as bright 

Example 5 - a cast poly(methyl methacrylate) tubing with a14 mm inside diameter and 17 mm 
outside diameter was filled with low molecular weight poly glycol. Due to the rigidity of the 
tubing, it was difficult to create a sealed device. Nonetheless, a red Luxeon Emitter supplied by 
Lumileds Lighting, LLC, San Jose, California was placed at one end and activated. The lighting 
device glowed uniformly and had a substan tial aura. The uniform look was som ewhat blemished 
because of the scratches on the surface of the poly(methyl methacrylate). 
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ILLUMINATION SYSTEM 

The light emitting form discussed above may be combined with other 
components to form an illumination system. In particular, the light form may be combined with 
one or more illumination assemblies to form an illumination system. In particular, one 
embodiment for supplying light into the containers of the present invention or into the light 
transmitting medium is an illumination assembly which contains any combination of LEDs, light 
directing component(s), reflector and / or refractor component(s), switching device(s), logic 
co mpone nts), c ontrol(s) and energy components), or any other components attributing to the 
transmission and dispersion of light 

Such illumination assembly as alluded to above can be incorporated on one or 
both ends of a light form of the present invention, to form an illumination device. Various formats 
for the incorporation of the illumination assembly are contemplated. In one embodiment, the 
light element may have an extended collimating device in contact with the core and held in 
place using a compression fitting to hold the container and the light assembly together. In yet 
another embodiment, in which the container is formed as a tube, the illumination assembly may 
be inserted into one or both end of the tube to create a device resembling neon. 

It is understood that the characteristics of illumination assembly such as the 
illumination assembly size, the illumination assembly physical configuration, focusing 
subassemblies, the angle of projected light (e.g. viewing angle), light element clustering (e.g. 
cluster of LEDs arranged sparsely on a substrate, in comparison to a cluster of the same 
number of LEDs arranged more compactly), collimation of projected light, light frequency, color 
mixing among other factors, profoundly affect the light transmission and dispersion, and 
subsequently, the glow and aura of light form of the present invention. 
APPLICATIONS OF ILLUMINATION DEVICE 

Any light sources such as halogen, xenon and high intensity discharge lamps can 
be used in the illumination devices of the present invention. However, LEDs are preferred, 
because of monochromacity, low voltage, energy efficiency, ruggedness, compact size, ease of 
collimation and focusing among other attributes. The combination of LEDs and the present 
invention can be used in different manners to create efficient light forms and systems with 
uniform glow and substantial aura. 

A tubular lighting system of the present invention with appropriate LEDs, 
resembled "neon took"; neon is widely used in the sign, display and illumination markets. The 
present invention further offers other advantages such as energy effici ncy, color changing, 
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digftal addressability, flexibility in design, biocompatibility, resistance t vibration and shock, 
ase of mass production among many others obvious in the art. 

Obviously, many modifications and variations of the present invention are 
possible in light of the above teachings. Thus, it Is to be understood that, ~ 



the invention may be practiced otherwise than as specifically described 

above. 
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